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Centrifugal separator with a lubricated damping

device

Trie present invention concerns a centrifugal separator, the

rotor of which is supported by a during operation oscillating

5 vertical driving shaft, which is rotacably supported in a frame

by means of at least one bearing arranged in a non-rotatable

bearing housing, which is arranged to bear against the frame via

a device, damping the oscillating movements of the shaft, the

damping device comprising at least one first element, which is

10 arranged to follow the oscillating movements of the shaft, at

least one non-rotatable second element arranged movable relative

to the trame towards tne first element, and at least one eias-

tical element arranged to press the second element radially

inwards against the first element to create friction in the

L5 contact area between the first and the second element upon

oscillation of the shaft, means being arranged to bring oil to

flow around the damping device. Often the oil is brought to flow

around the device by means of oil containing gas circulating

around the same.

20

A Known centrifugal separator of this kind is shown in

US 2 848 468. In many applications for such centrifugal separa-

tors the rotor is driven at a number of revolutions, which

exceeds the lowest critical number of revolutions at which it

25 and the driving shaft tend to come into a point of self-oscilla-

tion. In order to make it possible, tor instance upon start, to

pass the critical number of revolutions with a rotor, which has

a calculated maximum unbalance, a damping device has to be so

dimensioned that it is able to damp the arising oscillatons so

30 that these upon this passage do not exceed permitted limits.

Determining for these limits might be for instance the existing

gap between rotor parts and stationary parts of the centrifugal

separator located nearby or the strength of rotor parts therein.

The main damping is taken place by the friction in the contact

35 area between the first and the second element, which the
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relative movement between them gives rise to, the oscillation

energy being transformed into frictional heat. In order to

obtain sufficient damping upon passage of the crictical number

of revolutions a certain pre-stress might be necessary of the

5 generally stiff elastical element, whereby the contact pressure

in said contact area is increased.

A problem in this connection is that the generated frictional

heat is conducted from the first element to the bearing, whereby

the operational temperature of the bearing is increased and the

life of the bearing is shortened. During normal operation at a

number of revoiuLioiis, which exceeds ihe critical number of

revolutions , there is no need for damping since the osct llat ions

,

which then occur are stable and do not have any damaging ampli-

tude. However, by the friction in this contact area, these

oscillations generate a frictional heat, which continuously is

transferred to the bearing and besides is an energy loss-

The contact surfaces between the first and the second element

usually are located in a part of the centrifugal separator, in

which a heavy circulation of air prevails and in a very oil

rich environment. The limited amount of oil present between the

contact areas, is then exposed for a very high temperature and a

pressure, which means that it creates a layer of coke on the

contact surfaces. This layer gradually increases the coefficient

of friction between the contact surfaces, whereby the damping

and the generated frictional heat, which are transferred to the

bearing, increase.

30 The object of the present invention is to accomplish a centri-

fugal separator, the oscillating movements of which during

passage of the critical number of revolutions is damped safely

by means of a damping device, in which during operation a low

and essentially constant generation of heat occurs.
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According to the invention this can be accomplished by providing

a centrifugal separator of the initially described kind with a

device forming a bowl, which has an upwards directed opening and

is so located at the first and the second element that at least

5 a part of the contact area is located in the bowl.

In a centrifugal separator according to the invention a limita-

tion is obtained of the amount of oil entrained by the air flow

directed away from the contact area. The amount of oil, which

10 has deposited on the surfaces of different parts and is located

nearby this area, hereby will be large. The relatively large

f -» -.l_-_u -~ i««ot-a/4 <l n r ho nnnrarr arpA results in
amount, u i un, wim-u & — -

that an efficient lubrication of the contact surfaces between

che first and the second element is obtained, whereby the above

15 mentioned creation of coke layers on the same is prevented.

Hereby the friction coefficient does not increase during opera-

tion and consequently the frictional heat generated and trans-

ferred to the bearing does not increase during operation.

20 In a preferred embodiment of the invention said device is formed

by a part of the frame, the first element extending downwards

through the opening in the bowl. The first element is formed by

a part of the bearing housing, which surrounds the rotational

axis of the rotor. Hereby the device, the bowl and the part of

25 the first element, extending downwards through the opening in

the bowl, suitably are annular and surround the rotational axis

of the rotor.

30

In another preferred embodiment of the invention a recess is

formed in the first element, which recess has an axial extension

and is open axially downwards and in which recess said device

extends axially upwards. In this embodiment it is suitable to

form the recess and the device annular surrounding the rotatio-

nal axis of the rotor. Hereby the heat transfer of the frictio-

35 nal hear to che bearing is also decreased, which frictional



WO 89/10794 PCT/SE89/00259

hear in spice of all is generated during operation in the

contact area between the first and the second element* This

decrease of heat transfer is achieved partly by decreasing the

heat conduction from the contact area to the bearing as a result

5 of the reduced cross-sectional area of the heat conducting

material and partly by decreasing the heat transfer by

radiation.

In a third embodiment of the invention the first element is

10 designed with one or more passages, extending through the first

element and connecting its upper side to its lower side, the

Hpvipp together with the element forming a gap, which is

arranged to transport a cooling medium through the same and the

passage. By the fact that a flow path is arranged in this manner

15 for a cooling medium, an efficient transport of heat away from

the first element is made possible, which results in a decrease

of the heat transfer from the element to the bearing.

In the following the invention will be described more closely

20 with reference to the accompanying drawing, in which figure 1

shows an axial section through a part of a centrifugal separator

according to the invention and figure 2 shows an enlarged part

of figure 1.

25 The shown embodiment of a centrifugal separator according to the

invention has a rotor 1, which is supported and is rotatable by

means of a vertical shaft 2. The rotor is surrounded by a casing

3, which Is fixedly connected to a frame 4 and has a bottom

opening 5. The shaft 2 extends from the interior of the frame

30 through the bottom opening 5 into the interior of the casing 3.

At its upper end the shaft 2 is supported in a radial bearing 6.

This bearing 6 Is arranged in a bearing housing 7, which via a

damping device 8 elastically bears radially against the frame 4.
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The damping device 8 comprises ac lease oae first element 9,

which is fixedly connected no the bearing housing 7, a number

of second elements 10 distributed around the circumference of

the bearing housing 7, the second element 10 being arranged

5 movable relative to the frame 4 and supporting against the first

element 9, and a number of elastical elements 11. In the shown

example said second elements 10 and the elastical elements 11

are arranged in radial grooves in the frame 4 so that every

elastical element 11 presses a second element 10 belonging to it

10 radially inwards against the first element 9 to create friction

in a contact area 12. The elastical elements 11 are compressed

radially between the second elements 10 and a stop 13 fixedly

connected to the frame. The radial position of the stop 13 can

be adjusted, whereby the pre-stress of the elastical element and

15 thereby also the contact pressure in the contact area 12 between

the first and the second element can be variated

The contact area 12 between the first and the second element

9 and 10, respectively, is located at least partly in a bowl 14.

20 Tne bowl 14 is formed by a device 15 and has an upwards directed

opening 16. The contact area 12 is located at least partly in

the bowl. In the shown example the device 15 consists of a part

of the frame 4.

25 The first element 9 is formed by a part of the bearing housing 7

and extends axially through the opening 16 into the bowl 14. The

second element 10 extends radially into the bowl 14 through the

opening of the groove in the bowl 14. In the first element 9 a

downwards open recess 17 is formed. Upwards in this recess 17

30 said device 15 extends with a wall 18, which constitutes a

radially inner part of the bowl 14.

35

Through the first element 9 a passage 19 is arranged, extending

axially through the first element 9 and connecting its upper

side to its lower side. Together with the first element 9 the
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wall 18 forms a gap 20 for transport of a cooling medium through

the same and the passage 19* Above the bearing housing 7 a fan

wheel 21 is arranged fixedly connected to the shaft 2 for trans-

port of a cooling and lubricating medium such as oil-containing

5 air. This medium can be sucked up out of the interior of the

frame 4 partly through the bearing 6 and partly through the gap

20 and the passage 19 and flow downwards through axial channels

22 in the frame 4 back to the interior of the frame 4.

10 During operation of a centrifugal separator according to the

invention the fan wheel 21 sucks up oil-containing air from the

interior of Che fuauie. 4 to the bearing 6 ana tne upper side of

the damping device 8. Some of the oil drops entrained by the

air flow deposit on the surfaces on the different parts, where-

15 from they flow downwards towards the interior of the frame. Some

of these oil drops then flow down into the bowl 14, in which the

air flow is less. This means an increase of the amount of oil

along the internal surfaces of the bowl 14. The contact area 12,

which at least partly is located in the bowl 14, is thereby

20 lubricated efficiently. The rest of the oil drops entrained in

the air flow follow the air flow back to the interior of the

frame 4 through the channels 22.

The during operation occuring oscillating movements of the rotor

25 1 and the shaft 2, are taken up and damped by the damping device

8. In this the oscillation energy of the rotating system is.

transformed into frictional heat by the relative movement which

takes place between the first and the second element 9, 10

respectively at the contact area 12. The damping characteristics

30 of the damping device can be influenced by adjusting the radial

position of the stop 13 or by changing the elastical elements 11

to elastical elements having another stiffness. Sufficient

damping characteristic is normally determined by the oscilla-

tions occuring upon passage of the first critical number of the

35 revolutions. The necesary pre-stress of the elastical elements 11
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then gives a contact pressure, which permanently acts in the

contact area 12. By the fact that the contact surface 12 is

located at least partly in oil, the friction coefficient in the

contact area 12 is kept constant at a low level since the

5 creation of coke on the contact surfaces is prevented. The

generation of frictioaal heat in the contact surface, which

mainly takes place upon normal operation at operating number of

revolutions, hereby can be kept low and constant.

10 In the preferred embodiment of the invention shown in the

figures, the transfer of the heat generated in the contact

area 12 to the bearing becomes especially Small u v the C<*l.£ Lliat

the device 15 is designed with a radially inner wall, which

extends upwards into a downwards open recess 17 in the first

15 element 9. The recess 17 in the first element 9 between the

contact area 12 and the bearing 6 results in a decrease of the

cross-sectional area of the heat conducting material in a part

of the first element ,
whereby the heat conduction from the

contact area 12 to the bearing 6 decreases. The wall 18 forms a

20 screen against heat radiation radially inwards from the part of

the first element located in the bowl 14 towards the bearing 6.

The heat transfer towards the bearing 6 of the generated heat

amount is also decreased by the increased dissipation of heat,

which is achieved by the flow of cooling medium through the gap

25 20 and the passage 19.

Even though it is preferred that the described bowl, which shall

contain oil, is formed by parts of the frame 4, it is quite

possible that, instead, it is formed by parts of the first or

30 the second element 9, 10 respectively, within the scope of the

present invention-
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Claims

1* Centrifugal separator, the rotor (1) of which is supported

and is rotatable by means of a during operation oscillating

5 vertical shaft (2), which is rotatably supported in a frame (4)

by means of at least one bearing (6) arranged in a non-rotatable

bearing housing (7), which is arranged to bear against the frame

(4) via a device (8) damping the oscillating movements of the

shaft (2) and comprising at least one first element (9) arranged

10 to follow the oscillating movements of the shaft, at least one

non-rotatable second element (10) arranged movable relative to

the frame (4; towards the rirst element (9) and at least one

elastical element (11) arranged to press the second element (10)

radially inwards against the first element (9) to create fric-

15 tioa in a contact area (12) between the first and the second

element (9, 10) upon oscillation of the shaft, means (21) being

arranged to bring oil to circulate around the damping device,

characterized by a device (15) forming a bowl

(14), which has an upwards directed opening (16) and is so

20 located at the first and second element (9, 10) that at least a

part of said contact area (12) is located in the bowl (14).

2* Centrifugal separator according to claim 1, charac-
terized in that said device (15) is formed by a part

25 of the frame (4), a part of said first element (9) extending

through tne opening (16) into the bowl (14)-

3* Centrifugal separator according to claim 1 or 2, cha-
racterized in that said first element (9) is formed

30 by a part of the bearing housing (7), which surrounds the

rotational axis of the rotor (1).

4. Centrifugal separator according to any of the preceding

claims, characterized in that the bowl (14)

35 is annular and surrounds the rotational axis of the rotor (1).
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5. Centrifugal separator according to claim 4, charac-
terized in that one of the first and the second

element (9, 10) extends downwards into the bowl (14) with a

part, which is annular and surrounds the rotational axis of the

5 rotor (1).

6* Centrifugal separator according to any of the preceding

claims, characterized in that said device

(15) comprises a radially inaer wall (18), which extends upwards

into a downwards open recess (17) in said first element (9) and

forms a screen against heat radiation radially inwards from the

contact area (12) between the firsr xnA the second element ( 1C

)

towards the bearing housing, the recess being arranged to

decrease the cross-sectional area of the heat conducting

material *

7. Centrifugal separator according to claim 6, charac-
terized in that the first element (9) is formed by a

part of the bearing housing (7) and has at least one passage

20 (19), which extends axially through the element (9) and is

arranged to connect its upper side to its lower side, the wall

(18) together with the first element (9) forming a gap (20),

which is arranged to transport a cooling medium through the same

and the passage (19).

10

15
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